Objective: The purpose of the present study was to investigate the association between preoperative C-reactive protein (CRP) and atrial fibrillation (AF) after isolated off-pump coronary bypass surgery. Methods: Of 683 consecutive patients undergoing isolated coronary bypass surgery by a single surgeon between January 2002 and March 2009, 552 were retrospectively analyzed after excluding the following 131 cases: onpump surgery (n = 6), chronic AF (n = 14), pacemaker rhythm (n = 7), and preoperative CRP of !10 mg l À1 (n = 104). We analyzed the correlation on a continuous basis per 1 SD increase in the logarithmically transformed value of CRP and on a group basis CRP level categorized into three groups: <1.0 mg l À1 , n = 196; 1.0-3.0 mg l À1 , n = 220; and 3.0-10.0 mg l À1 , n = 136. Results: AF occurred in 121 patients (21.9%, 121/552) of patients after surgery. The median value (interquartile range) of preoperative CRP (mg l À1 ) was significantly higher in patients who developed AF than in those who did not 
Introduction
Recent studies have implicated systemic inflammation, measured by serum C-reactive protein (CRP) level, in the genesis and maintenance of atrial fibrillation (AF) [1] [2] [3] [4] , but investigation of the association between preoperative CRP and AF after cardiac surgery has produced conflicting results [5] [6] [7] [8] [9] [10] . As most studies have enrolled patients with different cardiac diseases undergoing different procedures with or without cardiopulmonary bypass, the conflicting results may be attributable to the heterogeneity of the study populations. As there is little information concerning the association between preoperative CRP and AF after off-pump coronary bypass grafting, we investigated whether preoperative CRP levels are related to the incidence of new-onset AF after surgery.
Materials and methods
All patients had previously granted permission for use of their medical records for research purposes. The study was approved by the Institutional Review Board. Between January 2002 and March 2009, 683 consecutive patients underwent isolated coronary bypass surgery by a single surgeon at our institution (681 of them by the off-pump technique without conversion to cardiopulmonary bypass during surgery). A total of 552 patients were retrospectively analyzed after excluding the following 131 cases: on-pump surgery (n = 6), chronic AF (n = 14), pacemaker (n = 7), and preoperative CRP level !10 mg l À1 (n = 104). Because CRP levels of 10 mg l À1 may reflect an acute inflammatory process, the American Heart Association and the Centers for Disease Control and Prevention do not recommend the use of measurements in this range for cardiovascular disease risk assessment [11] . In keeping with these recommendations, patients with values of !10 mg l À1 were excluded from the primary analysis. The end point was new-onset AF after surgery, which was diagnosed when there was an irregular cardiac rhythm without P-waves lasting more than 60 min, which required further administration of anti-arrhythmics, cardioversion, or anticoagulation therapy. In principle, we did not alter the medication prescribed by the referring cardiologist. After surgery, all patients were subjected to continuous electrocardiographic monitoring using a bedside monitor in the intensive care unit and telemetry on the hospital ward until postoperative day 7. When episodes of arrhythmia were captured by an automatic alarm function, a 12-lead electrocardiogram was performed and assessed by the physicians.
CRP measurement
Baseline blood samples were obtained early in the morning on the day after admission, which was normally 5-7 days before surgery. Blood for measurement of the serum level of CRP was transferred to a chilled tube and centrifuged at 3000 rpm for 15 min at 4 8C, and the serum thus obtained was stored at À30 8C until assay. Serum CRP was measured by a sensitive nephelometric assay (Behring Diagnostics, Marburg, Germany).
Anesthetic and surgical technique
The induction of anesthesia was achieved with intravenous administration of fentanyl citrate, midazolam, and vecuronium bromide. Anesthesia was maintained with intravenous administration of fentanyl and propofol and inhalation administration of low concentrations of sevoflurane, as necessary. Anticoagulation was achieved with heparin after the conduits were harvested. The activated clotting time was maintained at more than 250 s. The off-pump technique was used for all patients. The details of the surgical technique were described previously [12] .
Statistical analysis
After excluding patients with CRP !10.0 mg l
À1
, patients were categorized into three groups according to the recommendation of the American Heart Association and the Centers for Disease Control and Prevention (CRP <1.0 mg l À1 , n = 196; CRP 1.0-3.0 l À1 , n = 220; and CRP 3.0-10.0 mg l À1 , n = 136). The distribution of risk factors for postoperative AF was compared between the CRP categories using Pearson's chi-square test or categorical variables, analysis of variance for normally distributed variables, and the Kruskal-Wallis test for skewed variables. Linear relations were checked with a standard least-squares linear regression analysis. The estimated AF-free survival rates were calculated using the Kaplan-Meier method and compared using the log rank test. Hazard ratio (HR) with 95% confidence interval (95% CI) for the association between CRP and postoperative AF were estimated using the Cox proportional hazard model. HR and 95% CI were expressed by CRP category (relative to the group with CRP of <1.0 mg l À1 ) and per 1-SD increase in the logarithmically transformed CRP level due to the skewness of CRP distribution (Fig. 1) . To determine whether CRP remained predictive after adjustment for possible confounders of this relationship, we constructed three models. The first model included CRP alone, the second model included CRP and the other significant covariates in univariate Cox regression, and the third model used CRP and the known risk factors for postoperative AF: age, sex, body mass index, glomerular filtration rate, chronic pulmonary disease, hypertension, triple vessel disease, ejection fraction, left atrial dimension, emergent status, preoperative beta blockers, preoperative statins, and inotropic support for >24 h. Because age is a well-known predictor of postoperative AF, in an attempt to control for the effect of age as a confounder, we performed stratified analyses based on age (<70 years or !70 years). To determine the accuracy of CRP measurement and the optimal cut-off point of CRP in predicting the occurrence of postoperative AF, a receiver operating characteristic curve was constructed and the area under the curves determined. We identified the cut-off point of CRP that minimized the value for (1 À sensitivity) 2 + (1 À specificity) 2 . This cut-off point corresponding to the abovementioned sensitivity and specificity values is the one closest to the upper left-hand corner and is taken to be the cut-off point that best differentiates between patients with and without postoperative AF [13] . We performed similar analyses in all patients including those with CRP of !10 mg l À1 . All statistical testing was two-sided. Results were considered statistically significant at a level of p < 0.050. All statistical analyses were performed with the Statistical Package for Social Sciences (SPSS) statistical package version 11.0 (SPSS Inc., Chicago, IL, USA).
Results
The distribution of preoperative CRP was right skewed ( Table 1 . Patients in higher CRP categories were older and more likely to have lower hematocrit levels, lower glomerular filtration rates, and higher scores in the logistic European System for Cardiac Operative Risk Evaluation. Table 2 summarizes the time course of changes in CRP. Throughout the follow-up period, patients with higher preoperative CRP had significantly higher CRP than those with lower preoperative CRP. Correlation between preoperative CRP and postoperative CRP was weak. Correlation coefficients between preoperative CRP and CRP on postoperative days 1, 2, 3, 4, 5, and 6 were 0.29, 0.25, 0.19, 0.24, 0.12, and 0.26, respectively.
Kaplan-Meier estimates of AF-free survival are shown in Fig. 3 . The rate of 7-day AF-free survival was significantly lower in patients with higher CRP -CRP 3.0-10.0 mg l À1 : 65.4%; CRP 1.0-3.0 mg l À1 : 79.9%; and CRP <1.0 mg l À1 : 85.7% (log rank test: p = 0.001). The respective rates were 70.7%, 80.3%, and 86.8% in patients <70 years (n = 275) (log rank test: p = 0.027); 61.5%, 75.9%, and 86.4% in patients !70 years (n = 277) (log rank test: p = 0.001).
Patients with postoperative AF stayed in hospital significantly longer than those without AF (15 (11-17) vs 12 (10-15) days, p = 0.001) and were more likely to suffer stroke (1.7% vs 0.7%, p = 0.158) and pneumonia (5.9% vs 2.4%, p = 0.078), although the difference in these items was not statistically significant. The incidence of 30-day mortality was significantly higher in patients with AF than those without AF (4.3% vs 0.9%, p = 0.028).
The results of univariate comparisons between patients with and without postoperative AF are summarized in Table  3 . Univariate predictors of postoperative AF were age, glomerular filtration rate, preoperative statin, emergent status, operative duration, and transfusion. In Cox models, preoperative CRP was significantly associated with postoperative AF (Table 4) . Adding the univariate predictors (Model 2) and the known risk factors (Model 3) in the model attenuated this association, but CRP remained a predictive indicator of postoperative AF. The following variables were The area under the curve was 0.68 (95% CI 0.62-0.74; p = 0.001). A cut-off point of 2.1 mg l À1 was considered the optimal cut-off point balancing sensitivity and specificity. When this cut-off point was used, sensitivity was 61% and specificity 63%. Patients with preoperative CRP of >2.1 mg l À1 had a twofold increased risk of developing AF after surgery (HR 2.33, 95% CI 1.48-3.68, p = 0.001).
Finally, we performed analysis in 656 patients including the patients with CRP of !10.0 mg l À1 , who were excluded in the primary analysis. AF occurred in 36.5% (38/104) of patients with CRP of !10.0 mg l À1 . The HR and 95% CI for the association between CRP and postoperative AF are given in Table 5 . The area under the curve was 0.67 (95% CI 0.63-0.71; p = 0.001). CRP of 2.1 mg l À1 was considered the optimal cut-off point. The HR and 95% CI for the association between CRP >2.1 mg l À1 and postoperative AF were 1.84 (1.05-3.24) ( p = 0.035).
Discussion
In the present analysis of 656 consecutive patients undergoing isolated off-pump coronary bypass surgery by a single surgeon, the incidence of postoperative AF was significantly higher in patients with higher preoperative CRP; higher preoperative CRP was independently associated with postoperative AF.
A number of investigators have examined the association between preoperative CRP and postoperative AF with conflicting results. Lo and colleagues addressed the issue in 73 patients undergoing on-pump coronary artery bypass grafting and in 79 patients undergoing off-pump coronary bypass surgery and concluded that patients with elevated baseline CRP levels are at higher risk of postoperative AF in both on-pump and off-pump techniques [5] . Girerd and colleagues analyzed 2214 male patients of <65 years undergoing isolated coronary bypass surgery for the first time (off-pump coronary artery bypass grafting: 95 patients) and found that patients with increased waist circumference and elevated CRP are at higher risk of postoperative AF [6] . On the other hand, Hogue and colleagues reported that preoperative CRP was not associated with the occurrence of postoperative AF in 141 women undergoing on-pump surgery [7] . Ahlsson and colleagues concluded that postoperative AF had no correlation with preoperative CRP in 524 patients who underwent cardiac surgery (off-pump coronary bypass surgery: 82 patients) [8] . The last two studies [7, 8] , which found no association between baseline CRP and postoperative AF, included patients with various diseases, such as aortic valve or mitral valve disease, whereas the first two studies [5, 6] involved only patients who underwent isolated coronary bypass surgery. The different conclusions may therefore be attributable to the heterogeneity of the patients enrolled. We believe that it is preferable to study patients undergoing isolated off-pump coronary bypass surgery when examining the relationship between preoperative factors and postoperative AF. In the present study, the patients were consecutive, all underwent off-pump coronary bypass surgery by a single surgeon without conversion to cardiopulmonary bypass during the operation, and were perioperatively managed using a consistent strategy.
The exact mechanisms that explain the relationship between preoperative CRP and the occurrence of postoperative AF are not clear. In a study of cardiopulmonary bypass-related activation of the complement system, Bruins and colleagues [14] demonstrated that preoperative CRP levels were correlated with postoperative CRP levels, which peaked on the second postoperative day; peak levels of C4b/ c after protamine administration, which were the main factors in the maximum level of postoperative CRP, correlated with the occurrence of postoperative arrhythmia. In the present study, preoperative CRP was weakly correlated with postoperative CRP. A growing body of evidence suggests that inflammation and fibrosis contribute to the pathogenesis of AF. However, as far as we know, there is no experimental study addressing the relationship between preoperative CRP and AF after coronary artery bypass grafting at the molecular or cellular level. This is a task to be addressed in the future. The present study has a number of limitations. First, only patients undergoing off-pump surgery were enrolled; second, CRP levels were based on a single measurement; third, data on prehospital paroxysmal AF were not included in the analysis, as it is often difficult to accurately detect even with careful questioning of patients; finally, we had no information about the dose of catecholamine used in the operating theater, which may have influenced the occurrence of AF.
In conclusion, preoperative CRP is independently associated with the occurrence of AF after isolated off-pump coronary bypass surgery. In clinical practice, CRP levels can be determined easily and may be useful for non-invasive risk stratification to target pharmacological therapy to patients at high risk of developing AF. Further studies are necessary to investigate the mechanism underlying the association between elevated CRP and postoperative AF and to work out a strategy to improve outcomes for high-risk patients identified on the basis of preoperative CRP.
